ABSTRACT Avena coleoptiles did not elongate when incubated with tryptophan under sterile conditions. Indole, anthranilic acid, and tryptamine promoted elongation. Under the same conditions, the tissue converted tryptophan-'4C to IAA-'4C. More IAA-"C was produced from indole-"C than from tryptophan-"C; however, the free tryptophan content of the tissue was also greatly increased by the indole treatment. Tryptophan-"4C was readily taken up by the tissue but was mainly incorporated into protein and did not increase the free tryptophan level. When bean shoots were labeled with tryptophan-"C or indole-"C, the label incorporation into IAA-14C was very nearly the same. In this tissue the free tryptophan level in the tryptophan-"C and indole-"C treatments was also about equal. These results suggest that failure of exogenously supplied tryptophan to promote the elongation of Arena coleoptiles is a result of its predominant incorporation into protein and consequent unavailability for conversion to IAA.
MATERIALS AND METHODS Avena Coleoptile Growth Tests. Oat seeds (Avena sativa L. cv. Torch) were surface-sterilized by soaking for 3 min in 0.1 % mercuric chloride, then rinsed well in sterile water. After soaking for 1 hr in sterile water, the seeds were placed in covered, autoclaved dishes containing paper towels moistened with 100 ml of sterile water. The dishes were placed in darkness at 25 C for 72 hr. This procedure yields normal seedlings free of bacterial contamination (14) .
The procedure followed for the assay for potential precursors of IAA was basically that described by Winter (18) . The test solutions consisted of a 2% sucrose solution containing penicillin G at a concentration of 600 units/ml and buffered at pH 5.0 with dipotassium hydrogen phosphate and citric acid at concentrations of 0.17 and 0.10 g/liter, respectively. This basal medium, with the exception of the penicillin, was prepared and autoclaved at 121 C for 15 min. The test compounds were then added. These had previously been brought into solution at the proper concentrations and filter-sterilized using a Gelman filter with a pore diameter of 0.2 ,u. Five milliliters of the test solutions were pipetted into autoclaved 6-cm Petri dishes, to which was then added the filter-sterilized penicillin G. These transfers and all subsequent operations were carried out under a sterile transfer hood.
The coleoptiles were decapitated 1 cm from the tip and preincubated in the dark in a sterile buffered sucrose solution for 5 hr. This procedure was carried out to reduce the residual elongation of the excised Torch coleoptile tips to levels found for tips of the Victory cultivar in this laboratory and in previous work (18) . The coleoptiles were then recut 6.5 mm from the tip, and the tips were placed in a sterile buffered sucrose solution. When all of the tips had been cut off, they were placed in the appropriate test solutions. Five coleoptile tips were placed in each dish, and three dishes were used for each treatment. The tips were incubated in the dark at 25 C for 20 hr and then measured to the nearest 0.1 mm.
Labeling Studies. The radioactive compounds used in these experiments were L-tryptophan-3-"C (22.8 tkc/tLmole, New
England Nuclear) and indole-2-"C (0.68 ,tc/ymole, Tracerlab). The Avena seedlings were grown by the procedure described above. 10 .0 with Na,CO, and allowed t temperature for 12 hr in order to hydrolyze a IAA. The pH was then lowered to 3. One hundred micrograms of carrier IAA or tryptophan were added to the concentrated extracts prior to chromatography, and the bands containing the compounds were located by placing the papers under an ultraviolet light. The region of the paper containing the compound was eluted with 80% methanol which was then evaporated to a volume of 2 to 3 ml. Ten per cent of the sample was counted in a liquid scintillation counter (Nuclear Chicago Unilux II). The liquid scintillation fluid contained 5.5 g of PPO and 0.1 g of POPOP dissolved in 333 ml of Triton X-100 and 666 ml of toluene. Additional carrier (50 mg) was added to the remaining sample, and the compounds were recrystallized to constant specific activity from 50% ethanol (usually two or three recrystallizations).
An estimate of the counts in tryptophan which had been incorporated into protein was made by hydrolyzing the residue from the filtration of the original homogenate in 1.5 N NaOH for 1 hr. Aliquots of this hydrolysate were counted in a liquid scintillation counter.
A colorimetric determination of the free tryptophan level in the tissues was made by the method of Udenfriend and Peterson (13 in the tissue. This fraction had quite high activity in the indole-'4C treatment as expected; however, the total counts were IAA still low in relation to the total counts in the free tryptophan.
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There were very few counts in this fraction in the tryptophan-9.72 treated tissue, and these probably represented tryptophan (12, 18) . The growth-promoting activity of tryptamine may indicate that it is a precursor of IAA in a pathway from indoleglycerol phosphate which bypasses tryptophan, as suggested by Winter (18) . If, as the labeling data suggest, tryptophan is a precursor of IAA, tryptamine could be an intermediate in this pathway. The activity of anthranilic acid and indole indicates that the biosynthetic pathway leading to IAA may involve these intermediates. This suggests that the pathway is the same as that leading to tryptophan (2), at least to the point of indole or indoleglycerol phosphate. From growth studies only, however, the possibility that the suggested precursors may be weak auxins in themselves can not be entirely ruled out. The lack of growth in the tryptophan treatments was to be expected on the basis of prior reports (12, 18) . These results were thought to indicate that Avena coleoptiles could not convert tryptophan to IAA under sterile conditions.
The in vivo labeling studies with Avena, on the other hand, indicate that tryptophan is converted to IAA, at least to a limited extent, by this tissue. Indole is an excellent precursor of free tryptophan as indicated by its high specific radioactivity compared to the specific radioactivity of the indole used and the elevated level of free tryptophan (Table II) . Such tryptophan is not as available for protein synthesis as when tryptophan-'4C itself is exogenously supplied. Tryptophan-'4C labels protein more readily than indole-derived tryptophan, but the label is less readily incorporated into IAA. The most interesting possible explanation is the existence of separate pools of tryptophan, as has been reported for other amino acids (9) . The exogenously supplied tryptophan would be incorporated into protein without full equilibration with the free tryptophan pool while indole-derived tryptophan is equilibrated with and in fact elevates the free tryptophan level. Viewed in this way the growth data would be explained by the failure of exogenous tryptophan to equilibrate fully with and elevate a free tryptophan pool which is important for IAA biosynthesis. The capacity of indole to enhance the free tryptophan pool would also explain the auxin activity of indole in the growth experiments reported here and elsewhere (18) . If one does not assume the existence of separate pools, then one must conclude that indole can fairly directly label either free tryptophan or IAA and is a more immediate precursor of IAA than is tryptophan. The bean labeling data (Table III) would also appear to favor the existence of separate pools since indole failed here to label IAA to a greater extent than tryptophan and the free tryptophan level was also not elevated by the indole-'4C. The Total counts in the 80%c methanol-insoluble fraction following hydrolysis in boiling 1.5 N NaOH for 1 hr. 48, 1971 
